The influence of phosphate glass electrode in the configuration of resistive plate chamber has been studied using GEANT3. 
Introduction
Resistive Plate Chambers (RPCs) have been in operation since 1981. There are no wires or conductors anywhere in the sensitive region of the RPC. By employing such detectors a time resolution of the order 1 ns can be achieved, which is considered quite good acceptance in high energy and astroparticle physics [1] . It can be operated in low gas regime, providing high rate capability. Moreover it can provide time of flight measurements as well as position measurements [2] .
The conventional RPC with a 2 mm gas gap consists of * E-mail: jtrhee@konkuk.ac.kr † E-mail: yjjeon@konkuk.ac.kr bakelite electrodes with a resistivity of 10 10 -10 11 Ω cm [3] . However it has been noticed that it has some problem involved with bakelite electrodes i.e. humidity and aging effect, it needs linseed oil treatment, one faces trouble in its construction and not comfortably portable [4] [5] [6] [7] . It must be noted that continuous work is in progress in this area for eliminating the unpleasant effect of the oil by using specially developed surface coating [8] .
Another approach is to construct an RPC with float glass electrode (i.e. window glass), as it has many advantages such as the glass RPC design is conceived to allow a large and fast production, good performance and an easy detector operation [9] . The insertion of promising material in an RPC set-up i.e phosphate as semiconductive glass, which has relatively low bulk resistivity of 10 8 -10
11
Ωcm improves detection and tracking performance of the chamber. This leads to a higher rate capability and higher sensitivity values, and lower power dissipation in the gas volume of the phosphate glass RPC.
RPC detectors have been chosen as part of sub-detectors in CMS (compact muon solenoid) and ATLAS (a toroidal for LHC apparatus) experiment at the LHC (Large Hadron Collider). These detectors will work in a hostile radiation environment rich of neutrons and gamma rays. In case of CMS detector such a background radiations rate could vary from 1 to 1 kHz/cm 2 depending on the region of the detector. It is necessary to evaluate such radiations sensitivity which could affect the detector functionality and its electronic system. The motivation of the paper is to estimate phosphate glass RPCs γ and e + /e − sensitivity in an energy range of 0.1 to 100 MeV. The particles were transported to RPC surface by the GEANT3.21 [10] Monte Carlo code. This paper reports results obtained by new material electrode (phosphate glass) RPC, it could be considered as an approach for finding new materials used for the configuration of RPC detector.
Configuration of phosphate glass RPC in GEANT4
The RPC configuration was built as the double-gap structures using the phosphate glass electrode plates with a thickness of 2 mm inside the GEANT MC code. Low resistive glass RPC set-up is depicted in Fig. 1 . The resistivity of conventional glass (∼10 13 Ω cm) results in the rate capability of RPC being as low as several hundred Hz/cm 2 , which is unacceptable for the compressed baryonic matter (CBM) TOF system. Possibly the low-resistive glass with the resistivity of 10 10 -10
11 Ω cm is an attractive way of improving the RPC rate capability. The properties and advantages of low resistive glass electrodes are reported in Ref. [11, 12] . However, a phosphate glass RPC [11] is not yet easily produced, as this is the special type of glass which is available in small quantities. The description of the chamber construction may be found in Refs. [13, 14] . The RPC setup consists of two parallel plates, made out of phosphate glass with a bulk resistivity of 10 8 -10 11 Ω cm, separated by a gas gap of a 2 mm. The whole structure is made to be gas tight. The gas mixture consists of (3% iC 4 H 10 + 97% C 2 H 2 F 4 ) [15] . The readout is performed by means of copper strips.
Simulation results
The prototype phosphate glass RPC was tested using gamma rays and e + /e − particles for the evaluation of detector's sensitivity. On the physics side, this work reports the model of the RPC setup and especially the glass electrodes by using the standard tools implemented in GEANT3. Particularly no special treatment of RPC physics has been attempted [16] except the GEANT3 physics itself. Two types of particle sources were inserted on the chamber surface (i) isotropic particle source evenly distributed on the chamber surface and (ii) parallel particle source perpendicularly impinging on the whole RPC's surface. The sensitivity was evaluated at 13 energy values: 0.1, 0.2, 0.4, 0.662, 1, 2, 2.5, 5, 10, 25, 50, 75 and 100 MeV. The energy cuts for secondary particle production were taken as 0.001 MeV for both gamma rays and e + /e − in the GEANT3 MC code. The charged particle counting area
+ /e − particles using GEANT3 Figure 2 . The dependence of sensitivity on the particle energy for the phosphate glass RPC.
is taken for the transported particles as 20 × 0.2 mm 2 of the chamber. The sensitivity has been evaluated as the ratio between the simulated counts and the total numbers of gammas (or e + /e − ) that have reached the RPC surface in 10 5 simulated events. The sensitivity in our MC code is defined as s = N I/ N , where N I is the total number of charged particles reaching any of the two gas gaps and No is the number of original primary particles impinging the RPC chamber.
The phosphate glass RPC response for these particles is shown in Fig. 2 . The response of phosphate glass RPC for e + and e − have been already tested [17] using GEANT4 Standard and Low MC code, and the detection efficiencies have been measured. In the present work gamma-rays as well as positrons and electrons have also been simulated by GEANT3.21 MC code and the energy dependency of such particles sensitivities for phosphate glass RPC has been investigated. For the case of gamma-rays, three kinds of signals are expected and produced by the photoelectric effect, Compton effect and pair production inside the RPC set-up exposed to such particles [18] . The double gap phosphate -glass sensitivity to isotropic gamma rays is 4.806 × 10 −2 for Eγ < 100 MeV. For the same particle and energy range using parallel source, the sensitivity value reduces to 3.645 × 10 −2 . It is important to note that in the present simulation work the RPC efficiency for charged particles was assumed to be 100%. Similarly positron and electron response for the present chamber was evaluated. As both are charged particle, which produce signals directly inside the gas gaps, and the detector response ∼ 2 MeV reaches to almost 1 (Fig. 2) . In order to have a deeper look into the produced particle signals, the relative contribution of each gap contributions as double gap, only I gap, and only II gap are shown in Fig. 3 . For a better understanding, the single gap phosphate glass RPC's sensitivity is also evaluated with the GEANT code, and the results of the sensitivity are shown in Table 2 . The sensitivity of the RPC to gamma and e + /e − sources depends not only to the energy of these particles but also to the energy and position of the secondary electrons produced in the interaction with each material of the RPC. The lower sensitivity response for the parallel particle sources could be explained due to this reason. The spectra of first electrons crossing the gas gaps is given in Table 1 , which describes the total gamma, e + /e − sensitivities, and the relative signal classes contributions, taken by the phosphate glass RPC. A comparison of evaluated results, with the available experimental results (taken by bakelite electrodes) [19] is given in Table 3 . It can be seen that the phosphate glass-RPC gives higher response than the conventional glass RPC. The reason for this behavior could be the higher density of phosphate glass, as the particle passing through denser medium will produce more charged particles inside the gas chamber, which are detected on the strips. Another comparison with the previous results [12] indicates that at low gamma-ray energies for the double-gap RPC, the results are in agreement. However at gamma energy Simulation on the response of new phosphate glass RPC for γ-rays and e + /e − particles using GEANT3 
Conclusion
In the present work, we have simulated a new type of glass-resistive plate chamber. Our initial simulation test results are quite promising. The sensitivity of the phosphate glass-RPC is little higher than the conventional glass-and bakelite RPC, both at low and higher particle energies, as obtained by GEANT3.21 code. In addition isotropic particle source gives higher detector response than the parallel particle sources. The response of chamber for both electron sources is very low (at energies ∼ 1 MeV), which is quite different for both gamma-rays and positrons. As the energy increases further, the detector gives sensitivity values for electrons. The lowest detectable sensitivity for electrons is 2 MeV. The obtained results indicate that the phosphate glass-RPC present good response and characteristics required to be used as efficient particle tracker. Our reported results could be very useful for CMS-experiment (uses double-gas gap RPC) and ATLAS-experiment (utilizes single-gas gap RPC).
